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benefit of rangeland users and the American public.




. PREFACE_______________|
|. PREFACE

The intent of this interagency monitoring guide is to provide the basis for consistent, uni-
form, and standard utilization studies and residual measurements that are economical,
repeatable, statistically reliable, and technically adequate. While this guide is not all inclu-
sive, it does include the primary study methods used across the West. An omission of a
particular sampling method does not mean that the method is not valid in specific locations;
it simply means that it is not widely used or recognized throughout the western states.

(see Section V.E, Other Methods.)

Proper use and management of our rangeland resources has created a demand for uniformity
and consistency in rangeland health measurement methods. As a result of this interest, the
USDI Bureau of Land Management (BLM) and USDA Forest Service met in late 1992 and
agreed to establish an interagency technical team to jointly oversee the development and
publishing of vegetation sampling field guides.

The 13-member team currently includes representatives from the Forest Service, BLM, the
Grazing Land Technology Institute of the Natural Resource Conservation Service (NRCS),
and the Cooperative Extension Service.

The interagency technical team first met in January 1994 to evaluate the existing rangeland
monitoring techniques described in BLM’s Utilization Studies, Technical Reference TR 4400-3.
The team spent 2 years reviewing, modifying, adding to, and eliminating techniques for this
interagency Utilization Studies and Residue Measurements technical reference. Feedback
from numerous reviewers, including field personnel, resulted in further refinements.




Il. INTRODUCTION

Utilization data and residual measurements are important in evaluating the effects of grazing
and browsing on rangeland. Utilization measures the percentage of annual herbage produc-
tion that has been removed. It is generally the percentage of available forage (weight or
numbers of plants, twigs, etc.) that has been consumed or destroyed. Utilization is expressed
in terms of the current year’s production removed. Residual measurement is the determina-
tion of herbage material or stubble height left. Residual measurements and utilization data
can be used: (1) to identify use patterns, (2) to help establish cause-and-effect interpretations
of range trend data, and (3) to aid in adjusting stocking rates when combined with other
monitoring data.

Permittees, lessees, other rangeland users, and interested publics should be consulted and
encouraged to participate in collecting and analyzing utilization and residual data. Those
individual or groups interested in helping to collect data should be trained in the technique
used in that specific management unit.

This document deals with the collection of utilization data and residual measurements. The
interpretation of this data will be addressed in other documents.

Utilization data and residual measurements should not be used alone to determine stocking
rates. Adjustment in stocking rates should also include trend data, climatic information,
actual use data, and other information.

A. Terms and Concepts
1. Objectives

a Short-term Use of Utilization Data In the short term, utilization data are
considered with actual use and climate data to determine resource use levels
and to identify needed adjustments in management actions. These same data
can be used in the short term as the basis for adjusting grazing use by agreement
or grazing decision.

b Long-term Use of Utilization Data In addition to the above short-term
objectives, utilization data are considered along with other monitoring data to
determine if management actions or practices are achieving management objec-
tives identified in the land-use, coordinated resource management, and activity
plans.

2. Utilization Utilization is the proportion or degree of current year’s forage
production that is consumed or destroyed by animals (including insects). Utiliza-
tion may refer either to a single plant species, a group of species, or the vegetation
as a whole. Urtilization is synonymous with use. This process requires a comparison
of the amount of herbage left compared with the amount of herbage produced
during the year.

3. Seasonal Utilization Seasonal utilization is the amount of utilization that has
occurred before the end of the growing season.
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4.

Residual Measurements Residual measurement is the determination of
herbage material or stubble height left after a grazing or use period. It is indepen-
dent of the amount of annual production. Management actions based on stubble
height have an impact on plant health and soil and watershed protection because a
specified amount of foliage will be left regardless of the amount of annual produc-
tion. The important management consideration is to determine the species to
evaluate and the proper use levels that will leave the appropriate residual stubble
height.

Removal Versus Residual There are two problems with determining utiliza-
tion or the amount of annual herbage removed: measuring the amount of total
production for the year and determining the amount of herbage that has been
removed. Measuring the residual plant biomass or stubble height rather than
utilization may be preferable because it is the plant biomass remaining that will
have an important impact on plant health, potential regrowth, and soil and water-
shed protection.

B. Guidelines The techniques described here are guidelines for establishing and

conducting utilization and residue studies. They are not standards. Ultilization and
residue sampling techniques and standards need to be based on management objectives.
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Kind and/or class of forage animals - livestock, wildlife, wild horses, and wild burros
Habits of the animals, including foraging

Areas of animal concentration

Location and extent of critical areas

Erosion conditions

Threatened, endangered, and sensitive species - both plant and animal

Periods of animal use

Grazing history

Location of salt, mineral, and protein supplements

Location of livestock, wildlife, wild horse, and/or wild burro trails

. Critical Areas Critical areas are areas that should be evaluated separately from
the remainder of a management unit because they contain special or unique
values. Critical areas could include fragile watersheds, sage grouse nesting grounds,
riparian areas, areas of critical environmental concern, etc.

. Key Areas Key areas are indicator areas that are able to reflect what is happen-
ing on a larger area as a result of on-the-ground management actions. A key area
should be a representative sample of a large stratum, such as a pasture, grazing
allotment, wildlife habitat area, herd management area, watershed area, etc.,
depending on the management objectives being addressed by the study. Key areas
represent the “pulse” of the rangeland. Proper selection of key areas requires appro-
priate stratification. Statistical inference can only be applied to the stratification
unit.

a Selecting Key Areas The most important factors to consider when selecting
key areas are the management objectives found in land use plans, coordinated
resource management plans, and/or activity plans. An interdisciplinary team
should be used to select these areas. In addition, permittees, lessees, and other
interested publics should be invited to participate, as appropriate, in selecting
key areas. Poor information resulting from improper selection of key areas leads
to misguided decisions and improper management.

b Criteria for Selecting Key Areas The following are some criteria that should
be considered in selecting key areas. A key area:

e Should be representative of the stratum in which it is located.
< Should be located within a single ecological site and plant community.
« Should contain the key species where the key species concept is used.

= Should be capable of, and likely to show, a response to management actions.
This response should be indicative of the response that is occurring on the
stratum.

¢ Number of Key Areas The number of key areas selected to represent a
stratum ideally depends on the size of the stratum and on data needs. However,
the number of areas may ultimately be limited by funding and personnel
constraints.
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d Objectives Objectives should be developed so that they are specific to the key
area. Monitoring studies can then be designed to determine if these objectives
are being met.

a

e Mapping Key Areas Key areas should be accurately delineated on aerial

photos and/or maps. Mapping of key areas will provide a permanent record of

their location.

D. Key SpECIGS Key species are generally an important component of a plant
community. Key species serve as indicators of change and may or may not be forage
species. More than one key species may be selected for a stratum, depending on
management objectives and data needs. In some cases, problem plants (poisonous,
exotics, etc.) may be selected as key species. Key species may change from season to
season and year to year.

1. Selecting Key Species Selection of key species should be tied directly to
management objectives in land use, coordinated resource management, and activity
plans. The species selected will depend upon the plant species in the present plant
community, the present ecological status, and the potential natural communities
for the specific sites. An interdisciplinary team should be used in selecting key
species to ensure that data needs of the various resources are met. In addition,
interested publics should be invited to participate, as appropriate, in selecting
these species.

2. Considerations in Selecting Key Species The following points should be
considered in selecting key species:

The forage value of key species may be of secondary or no importance. For
example, watershed protection may require selection of plants as key species
that protect the watershed but are not the best forage species. In some cases,
threatened, endangered, or sensitive species that have no particular forage value
may be selected as key species.

Any foraging use of the key species on key areas is assumed to reflect foraging
use on the entire stratum. Utilization percentages in this situation are an index
of the use on key species.

Depending on the selected management strategy and/or periods of use, key
species may be foraged during the growing period, after maturity, or both.

In areas of yearlong grazing use and in areas where there is more than one use
period, several key species may be selected. For example, on an area with both
spring and summer grazing use, a cool season plant may be the key species
during the spring, while a warm season plant may be the key species during the
summer.

Selection of several key species may be desirable when adjustments in livestock
grazing use are anticipated. This is especially true if more than one plant
species contributes a major portion of the forage base of the animals using the
area (Smith 1965).
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3. Key Species on Depleted Rangelands The key species selected should be
present on each study site on which utilization and residue studies are conducted;
however, on depleted rangelands these species may be sparse. In this situation it
may be necessary to conduct monitoring studies on other species. Data gathered
on non-key species must be interpreted on the basis of effects on the establishment
and subsequent response of the key species. It should also be verified that the site
is ecologically capable of producing the key species.

Coordination utilization and residue studies should be planned and imple-
mented on an interdisciplinary basis. Coordination with livestock operators, other
appropriate state and federal agencies, and interested publics is also a crucial factor to
success.

Electronic Data Recorders

Electronic data recorders are handheld “computers” that are constructed to withstand
the harsh environmental conditions found in the field. They are used to record moni-
toring data in a digital format that can be transferred directly to a personal computer
for storage and retrieval. They require minimal maintenance, are generally programmable,
and allow easy data entry using a wand and bar codes.

Recording field data using an electronic data recorder takes approximately the same
amount of time as using printed forms. The advantage with electronic data recorders
is that they improve efficiency by reducing errors associated with entering data into a
computer for analysis. They can also reduce the time needed for data compilation and
summarization.

The cost of electronic data recorders and computer software programs is considerable
and should be evaluated prior to purchase. It is also important to have good computer
support assistance available to help users in operating, downloading, and troubleshooting
electronic data recorders, especially during the initial use period.







Ill. STUDY DESIGN AND ANALYSIS

The rangeland monitoring methods described in Section V have a number of common
elements. Those that relate to permanently marking and documenting the study location
are described in detail below.

Also discussed in this section are statistical considerations (target populations, random
sampling, systematic sampling, confidence intervals, etc.) and other important factors (prop-
erly identifying plant species and training people so they follow the correct procedures).

It is important to read this chapter before referring to the specific methods described in
Section V, since the material covered here will not be repeated for each of them.

e Permanently Marking the Study Location Permanently mark the location of each study by
means of a reference post (steel post) placed about 100 feet from the actual study location.
Record the bearing and distance from the post to the study location. An alternative is to
select a reference point, such as a prominent natural or manmade feature, and record the
bearing and distance from that point to the study location. If a post is used, it should be
tagged to indicate that it marks the location of a monitoring study and should not be
disturbed.

Permanently mark the study location itself by driving angle iron stakes into the ground at
randomly selected starting points. The baseline technique requires that both ends of the
baseline be permanently staked. If the linear technique is used, only the beginning point
of the study needs to be permanently staked. Establish the study according to the direc-
tions found in Section I11.A.2 beginning on the next page.

Paint the study location stake with brightly colored permanent spray paint (yellow or
orange) to aid in relocation. Repaint this stake when subsequent readings are made.

e Study Documentation Document the study and transect locations, number of transects,
starting points, bearings, length, distance between transects, number of observation points,
sampling interval, and other pertinent information concerning a study on the Study
Location and Documentation Data form (see Appendix A). Plot the precise location of
the studies on detailed maps and/or aerial photos.

For transects that use a baseline technique, record the location of each transect or quadrat
along the baseline and the direction (left or right). Be sure to document the exact loca-
tion of the study and the directions for relocating. For example: 1.2 miles from the allot-
ment boundary fence on the Old County Line Road. The reference post is on the south side of
the road, 50 feet from the road.

A. Plannlng the StUdy Proper planning is by far the most important part of a
utilization or residue study. Much wasted time and effort can be avoided by proper
planning. A few important considerations are discussed below. The reader should
refer to the Technical Reference, Measuring & Monitoring Plant Populations, for a more
complete discussion of these important steps.

1. Identify Objectives Based on land use and activity plans, identify management
objectives appropriate for the area to be monitored. The intent is to evaluate the
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effects of management actions on achieving management objectives by collecting
utilization or residual data.

2. Design the Study The number of points, quadrats, or transects (sample size)
needed depends on the monitoring objectives and the efficiency of the sampling
design. It should be known before beginning the study how the data will be ana-
lyzed. The frequency of data collection (e.g., every year, every other year, etc.) and
data sheet design should be determined before studies are implemented. The
sample data sheets included with each method (following the narrative) are only
examples of data forms. Field offices have the option to modify these forms or
develop their own.

All methods described in this document can be established using either the linear
or baseline design.

a Linear This study design samples a management units or study site in a straight
line (Figure 1). Randomly select the beginning point of the transect within the
management units or study site. The transect site can be permanently marked
with a transect location stake, if needed. Randomly determine the transect
bearing and select a prominent distant landmark such as a peak, rocky point,
etc., that can be used as the transect bearing point. Utilization and residue
readings are taken at a specified interval (paced or measured) along the transect
bearing. If the examiner is unable to collect an adequate sample with this
transect before leaving the study site, additional transects can be run from the
transect location stake at different bearings.
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X -«——Transect Bearing Stake

End Point of Transect ——»

Observation

[7 Points

Beginning Point of Transect —»L

X -«——— Study Location Stake

Figure 1. Study layout for the linear technique. n
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b Baseline A baseline is established by stretching a tape measure of any desired
length between two stakes (Figure 2). For an extremely long baseline, interme-
diate stakes can be used to ensure proper alignment. It is recommended that
metric measurement be used. Individual transects are then run perpendicular to
the baseline at random locations along the tape. Transects can all be run in the
same direction, in which case the baseline forms one of the outer boundaries of
the sampled area, or in two directions, in which case the baseline runs through
the center of the sampled area. If transects are run in two directions, the direc-
tion for each individual transect should be determined randomly. (Directions
on the use of random number tables and random number generators are given
in Appendix F.) Observation points are spaced at specified distances along the
transect. This study design is intended to randomly sample a specified area.
The area to be sampled can be expanded as necessary by lengthening the
baseline and/or increasing the length between sampling points.

B. Statistical Considerations

1. Target Population Sample sites are selected (subjectively) that hopefully
reflect what is happening on a larger area. These may be study sites that are
considered to be representative of a larger area (such as a pasture) or may be
critical areas such as sites where endangered species occur (see Section I1.C).
Utilization and residue studies are then located on these sites. Since study sites are
subjectively selected, no valid statistical projections to an entire management area
are possible. Therefore, careful consideration and good professional judgement
must be used in selecting study sites to ensure the validity of any conclusions reached.

a Although it would be convenient to make inferences regarding larger areas from
sampling study sites, there is no way this can be done in the statistical sense
because these study sites have been chosen subjectively.

b For this reason it is important to develop objectives that are specific to study
sites. It is equally important to make it clear what actions will be taken based
on what happens on the study sites.

c Itis also important to base objectives and management actions on each study
site separately. Values from study sites from different strata should never be averaged.

d From a sampling perspective, it is the study sites that constitutes the target
population. The collection of all possible sampling units that could be placed in
the study sites is the target population.

2. Random Sampling Critical to valid monitoring study design is that the sample
be drawn randomly from the population of interest. There are several methods of
random sampling, several of which are discussed briefly below, but the important
point is that all of the statistical analysis techniques available are based on knowing
the probability of selecting a particular sampling unit. If some type of random
selection of sampling units is not incorporated into the study design, the probabil-
ity of selection cannot be determined and no statistical inferences can be made
about the population. (Directions on the use of random number tables and ran-
dom number generators are given in Appendix F.)
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Study Layout

Baseline End Point Stake —>¢

<+—— 100-Meter Baseline Tape

Transect 3
( ] [ ] ( ] ( ] [ ] ( ] [ ]

Transect 2
{ ] [ ] { ] (] [ ] (] [ ]

Transect 1
° ° ° ° ° ° ° ° ° °

Baseline Beginning Point Stake —>@

X <— Study Location Stake

Figure 2. Study layout for the baseline technique. n
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3. Systematic Sampling Systematic sampling is very common in utilization and
residue studies. The collection of utilization or residual data along a transect at
specified intervals is an example of systematic sampling. The starting point of a
transect must be randomly selected. If the interval between observations is 5 paces
(meters or feet can used), a number between 0 and 4 is randomly selected to
represent the distance from the reference point or baseline to start making obser-
vations. Additional observations are made at 5-pace intervals from this starting
point. Thus, if 10 observations are to be made at 5-pace intervals and the ran-
domly selected number between 0 and 4 is 2, then the first observation is made at
2 paces and the remaining observations occur at 7,12, 17, 22, 27, 32, 37,42, and
47 paces along the transect.

Strictly speaking, systematic sampling is analogous to simple random sampling only
when the population being sampled is in random order (see, for example, Williams
1978). Many natural populations of both plants and animals exhibit an aggregated
(also called clumped) spatial distribution pattern. This means that nearby units
tend to be similar to (correlated with) each other. If, in a systematic sample, the
sampling units are spaced far enough apart to reduce this correlation, the system-
atic sample will tend to furnish a better average and smaller standard error than is
the case with a random sample, because with a completely random sample one is
more likely to end up with at least some sampling units close together (see Milne
1959 and the discussion of sampling an ordered population in Scheaffer et al.
1979).

4. Sampling Versus Nonsampling Errors 1n any monitoring study, it pays to
keep the error rate as low as possible. Errors can be separated into sampling errors
and nonsampling errors.

a Sampling Errors Sampling errors arise from chance variation; they do not
result from “mistakes” such as misidentifying a species. They occur when the
sample does not reflect the true population. The magnitude of sampling errors
can be measured.

b Nonsampling Errors Nonsampling errors are “mistakes” that cannot be
measured.

Examples of nonsampling errors:

Using biased selection rules, such as selecting “representative samples” by
subjectively locating sampling units or substituting sampling units that are
“easier” to measure.

e Sloppy field work.
e Transcription and recording errors.

< Incorrect or inconsistent species identification.

To minimizing nonsampling errors:

« When different personnel are used, conduct rigorous training and testing to
ensure consistency in measurement and estimation.
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< Design field forms that are easy to use and not confusing to data transcribers.
Double- or triple-check all data entered into computer programs to ensure
the numbers are correct.

5. Confidence Interval In rangeland monitoring, the true population total (or any
other true population parameter) can never be determined. The best way to judge
how well a sample estimates the true population total is by calculating a confidence
interval. The confidence interval is a range of values that is expected to include the
true population size (or any other parameter of interest, often an average) a given
percentage of the time (Krebs 1989). Confidence intervals are the principal means
of analyzing utilization data. For instructions in calculating confidence intervals, see
the Technical Reference, Measuring & Monitoring Plant Populations.

6. Interspersion One of the most important considerations of sampling is good
interspersion of sampling units throughout the area to be sampled (the target
population). The basic goal should be to have sampling units as well interspersed
throughout the area of the target population as possible. The practice of placing
all of the sampling units, whether they be quadrats or points, along a single transect
or even a few transects should be avoided. Arranging sampling units in this man-
ner results in poor interspersion of sampling units and makes it unlikely that the
sample will provide a representative sample of the target population. This is true
even if the single transect or few transects are randomly located.

7. Pilot Studies In several places in this chapter, the need to conduct pilot studies
has been stressed. The principal purpose of pilot studies is to determine the
sample size necessary to estimate vegetation characteristics of interest (e.g., utiliza-
tion level, stubble height, biomass) with a given level of precision. Pilot sampling
allows the examiner to obtain stable estimates of the population average and the
population standard deviation. This is accomplished by using standard deviation
calculations and sequential sampling as described below.

a Standard Deviation Calculations The following shows how to calculate the
standard deviation for utilization on sideoats grama. The standard deviation is
calculated as follows:

SZ\I 0 -X+ (e -X+ ot - XP o \I 2o
.

n-1
where:
S = standard deviation
X = number of plants
X = the mean or average % utilization or residual measurement
n = the number of samples (observation points in this example)
Utilization Squared
estimates Deviation Deviation
(X -X) (X - X)?
49 49-39 =10 100
37 37-39=-2 4
39 39-39=0 0
49 49-39 =10 100
22 22-39 = -17 289
X=196/5 =39 493
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n-1 5-1

b Sequential Sampling The estimate of the standard deviation derived through
pilot sampling is one of the values used to calculate sample size, whether one
uses the formulas given in the Technical Reference, Measuring & Monitoring
Plant Populations, or a computer program. Sequential sampling helps determine
whether the examiner has taken a large enough pilot sample to use the standard
deviation from the pilot sample to calculate sample size. The process is
accomplished as follows.

Gather 